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Equations of motion of the magnetization vector in the plate
Solution of differential equations taking into account the boundary conditions can be reduced to the more general problem of finding the extrema of the objective function, which is a reflection of specific simulated characteristics (for example, the degree of randomness of the excited oscillations, the amplitude of the elastic and magnetic oscillations) in the real number. One of the most effective methods for global optimization method is simulated annealing which is used to solve a large class of problems. Its advantage lies in the fact that even with limited computing resources, it allows us to find one of the extrema, which is close in value to the global extrema [2] .
We consider a complete system of differential equations for the problem of excitation of magnetoelastic vibrations of radio frequency magnetic field in the normally magnetized ferrite plate [3] . The plane-parallel plate with a thickness d having magnetic, elastic and magnetoelastic properties is considered. External DC magnetic field ⃗ H 0 is applied perpendicular to the plane of the plate and alternating magnetic field vector is applied tangential to the surface of the plate. The problem is solved in a Cartesian coordinate system Oxyz. The plane Oxy of the coordinate system coincides with the plane of the plate. The coordinate axes are parallel to the edges of the cube crystallographic cell. The center of the coordinate system O is in the center of the plate, so that the plate planes coordinates are z=±d/2.
Assuming that the total energy density of the plate U in the field ⃗ H = { h x , h y , H 0 } equals the sum of magnetic, elastic and magnetoelastic energy densities, we obtain [4] :
Where
is the saturation magnetization of the magnetic plate, u ij are components of the strain tensor, c 44 is elastic constant and B 2 is magnetoelastic coupling constant. The system of the ordinary differential equations describing the magnetoelastic oscillations are obtained in the paper [5] .
The system describes the excitation of the transverse elastic oscillations. The initial equations for the system were the Landau-Lifshitz-Gilbert equation and the equations for the elastic displacement vector components u x,y [5] .
The system of the equations was solved numerically by the Runge-Kutta Felberg 7-8 orders method with control the length of the integration step.
Maximizing the value of the elastic displacement
In solving the problem of finding the maximum magnetization component and the elastic displacement in normally magnetized magnetic plate we taken elasticity constant c 44 = 7.64·10 11 erg·cm −3 and the density of the plate material ρ = 5.0 g·cm −3 as fixed input parameters of the model. Some parameters have changed in the search of the elastic displacement maximum in these ranges: constant magnetoelastic interaction B 2 -10 6 to 10 8 erg·cm −3 ; decay of the magnetic and elastic systems constants -α from 0.002 to 0.5, β from 10 3 to 10 8 s −1 ; saturation magnetization M 0 from 50 to 600 G; the value of the constant field H 0 exceeding the saturation field 4πM 0 on values from 0 to 200 Oe, the frequency of the alternating field ω 0 ranged from 10 8 to 3·10 10 s −1 ; the amplitude of the alternating field components h 0x varied from 0.05 to 50 Oe.
According to [4] , the maximum values of the elastic displacement should take place near the elastic resonance frequency, the value of which was estimated by the formula:
However, when we searched the maximum elastic displacement amplitude u x , we considered this option as a changeable. Constants and parameters of the model corresponding to the found maximum are given in the first string of the Tab. 1. Maximum observed at the highest values of the DC field and the saturation magnetization of the permissible search range.
Let us consider a three-dimensional resonance of amplitude U x of the components u x on the wafer surface (z = d/2 ) from the input parameters, the values of which do not seek to the boundaries of the search ranges (Fig. 1) . Fig. 1 . Dependence u x of the amplitude: a) on the plate thickness; b) on the damping parameter of the magnetic subsystem; c) on the damping parameter of the elastic subsystem; d) on the magnetoelastic interaction constant B2, and on the frequency of the variable field
The position of the maxima in Fig. 1a can be explained by inversely proportional to the frequency dependence of the elastic resonance of the plate thickness, which is defined by the formula (2). Fig. 1b shows the broadening of the main and secondary peaks when the magnetic dissipation parameter α is from 0.01 to 0.026 (about 1.5 times).
On Fig. 1b-1c we can see the resonant surface with the main peak in the center and the secondary on sides. The resonance peaks can be obtained due to the fact that studied oscillating system consists of the interaction of the magnetic and elastic subsystems. The magnetic subsystem is nonlinear and elastic is linear. Additional resonances correspond to the resonance peaks at combination frequencies of the magnetic and elastic subsystems.
For comparability with the existing results we perform simulated annealing based on search with the parameters specified in [3] . The first string of the table 1 shows the amplitude of the elastic displacement of the maxima obtained.
The constants and parameters of the model, in which there is a maximum for the fixed plate thickness (d = 6.865·10 −5 cm) is shown in the second string of the Tab. 1. It should be noted that this result was obtained by applying simulated annealing without additional information on the range of parameters values, wherein the maximum amplitude of the elastic displacements took place. This indicates the importance of the method of annealing for the study of nonlinear models of excitation of oscillations in multilayer film structures, which is now the urgent task.
Conclusions
In this paper we show the possibility of application of simulated annealing to the investigation of nonlinear magnetoelastic systems of large dimension, including relaxation. The values of the material parameters and external fields, corresponding to the maximum elastic displacement for two values of the plate thickness were found based on the analysis of three-dimensional resonant surfaces.
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